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7 Rationale and background 

7.1 European Health Data Space 

HealthData@EU is the European Health Data Space (EHDS) Pilot project that aims to 

investigate and establish an infrastructure and data ecosystem for the secondary use of health 

data for research, innovation and better policy making. The HealthData@EU pilot project 

will assess the ability to scale towards a Union-wide infrastructure as a core component of the 

European Health Data Space. The proposed study is one of the five use cases selected to test 

and inform HealthData@EU frameworks.  

7.2 Occurrence of venous and arterial thromboembolic events in COVID-19 

Coronavirus disease-2019 (COVID-19) may cause both venous and arterial thromboembolic 

events due to excessive inflammation, platelet activation, endothelial dysfunction, and 

stasis.[1] A number of observational studies and case series have reported high rates of 

venous and arterial thromboembolic events among patients hospitalised with COVID-19. In a 

case series of COVID-19 patients admitted to ICU in the Netherlands, the incidence of 

thrombotic complications was found to be 31%,[2] while a similar case series from a hospital 

in Italy found the incidence of thromboembolic events to be 28%.[3] Meanwhile, the rate of 

venous thromboembolism was found to be as high as 69% for a case series from two French 

intensive care units (ICU).[4]  

Studies assessing the incidence of thromboembolic events in COVID-19 during the early 

period of the pandemic were conducted in relatively small study populations, partly 

constrained by data availability at the time, and predominantly focused on hospitalised 

populations. Consequently, uncertainty remained around the incidence of thromboembolic 

events among patients with COVID-19. Several larger studies examining coagulopathy risk 

have since been conducted using routinely collected health data. One study from Sweden 

demonstrated an increased risk of deep vein thrombosis (DVT) up to 70 days post-COVID-19 

diagnosis and an increased risk of pulmonary embolism up to 110 days post-COVID-19 

diagnosis.[5] Meanwhile, another study from England reported an increased risk of venous 

thromboembolism up to 49 weeks post-COVID-19.[6] Studies have also observed that the 

elevated risk of thromboembolic events associated with COVID-19 infection may be 

attenuated following SARS-CoV-2 vaccination.[7] SARS-CoV-2 variants have changed over 

time, with Omicron now widely established as the dominant SARS-CoV-2 variant. On 26 

November 2021, the European Centre for Disease Prevention and Control classified the 
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Omicron B.1.1.529 variant as a variant of concern due to concerns regarding immune escape 

and potentially increased transmissibility compared to the SARS-CoV-2 delta variant.[8] 

However, existing studies largely examined COVID-19 during the period when Omicron was 

not the dominant variant. The risk of venous and arterial thromboembolic events with 

Omicron COVID-19 is therefore less well studied, particularly in the context of exposure to 

either prior COVID-19 infection or prior SARS-CoV-2 vaccinations. 

7.3 Thromboembolic events and worsening of COVID-19 during the Omicron 

period  

COVID-19 patients with thromboembolic events are at increased risk of worse outcomes, 

with a systematic review finding a strong association between cardiovascular and 

thromboembolic events and poor prognosis in COVID-19.[9] However, it has been suggested 

that the Omicron variant has a milder course and therefore, subsequent coagulopathy risk 

may differ. This may be further influenced by prior SARs-CoV-2 vaccination. As with 

measuring the incidence of thromboembolic events themselves, routinely collected data may 

also be used to describe the risks of worsening in COVID-19 patients during the period when 

Omicron was the dominant variant.  

7.4 Risk factors for thromboembolic events in COVID-19 during the Omicron 

period 

Various patient factors have been associated with worse outcomes in COVID-19 that 

occurred during the early stages of the pandemic when Omicron was not the dominant 

variant. Older age, male sex, hypertension, diabetes, and being overweight or obese have all 

been reported to be associated with an increased risk of hospitalisation and mortality in 

COVID-19.[10-16] Many of these same factors have also previously been seen to predispose 

individuals to thromboembolic events.[17,18] In one study a set of pre-existing 

cardiovascular risk factors were associated with increased mortality in COVID-19, 

independent of patients´ age and sex.[19] Whilst the associations between such risk factors 

and thromboembolic events among patients with SARS-CoV-2 variants has been studied, this 

largely included data on COVID-19 during the early stages of the pandemic when Omicron 

was not the dominant variant. Information is limited on whether risk factors for venous and 

arterial thromboembolic events remain the same for COVID-19 associated with the Omicron 

variant, and to what degree this may be influenced by prior SARs-CoV-2 vaccination and the 

impact of immunosuppression.   



 

12 

 

7.5 Contextualising incidence rates for thromboembolic events with COVID-19 

during the Omicron period 

Two studies have compared incidence rates of thrombosis and thrombocytopenia after 

vaccination against SARS-CoV-2 and with COVID-19 using data from the United Kingdom 

and Spain. These studies calculated incidence rates of thromboembolic events in people 

vaccinated against SARS-CoV-2 and in people with COVID-19 infection and compared them 

to pre-pandemic rates in a historic background cohort.[20,21] Compared to pre-pandemic 

rates, standardised incidence ratios were elevated for venous thromboembolism shortly 

following both initial vaccination against SARS-CoV-2 and for COVID-19 infection, 

although to a much greater extent with COVID-19 infection. It is uncertain however to what 

extent evidence generated by these studies is generalisable to COVID-19 infection during the 

Omicron period. 
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8 Aim and objectives 

The aim of the project is to contextualise the risk of venous and arterial thromboembolic 

events associated with COVID-19, during the Omicron period and in light of prior SARS-

CoV-2 vaccination and infection. 

  

The research objectives which will be addressed incrementally to support the project aim are: 

1) To estimate the background incidence rate of venous and arterial thromboembolic events 

among the general pre-pandemic population. 

2) To estimate the incidence rate of venous and arterial thromboembolic events among 

patients with COVID-19 within 30-, 60-, and 90- and 180-days during the Omicron 

period, stratified by prior SARS-CoV-2 vaccination and prior infection status. 

3) To estimate the incidence rate of venous and arterial thromboembolic events among 

patients with SARS-CoV-2 vaccination within 30-, 60-, 90- and 180-days, during the 

Omicron period, stratified by prior infection status. 

4) To estimate the association between clinical risk factors and prior SARS-CoV-2 

vaccination on the incidence rate of venous and arterial and impact of thromboembolic 

events on worsening severity of COVID-19 during the Omicron period.  

5) To estimate incidence rate ratios for venous and arterial thromboembolic events among 

patients with COVID-19 and people vaccinated against SARS-CoV-2, compared to the 

background population using incidence rates estimated in objectives 1 to 3. 
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9 Research methods 

9.1 Study design 

Observational cohort study using routinely collected health care data.  

9.2 Setting 

9.2.1 Data nodes 

Data nodes from France, Denmark, Finland, Croatia and selected databases from the 

DARWIN EU network will be used for the analyses (see section 9.4 Data Sources below for 

more details). EMA in-house databases in the OMOP common data model may also be used 

to execute the DARWIN EU study package depending on the final selection and distribution 

of data sources 

9.2.2 Study period 

The study period will start depending upon when the Omicron variant became established in 

Europe commencing from 1st December 2021.[8] The end of the study period will be the last 

available date of data collection for each contributing dataset. 

9.2.3 Study cohorts 

Five non-mutually exclusive study cohorts for the analyses will be defined: 

1. General population cohort for pre-pandemic background rates will have 

o people included in the database as of 1 January 2017 (index date).  

o follow-up for this cohort will run up to 31 December 2019. 

2. Persons tested positive for SARS-CoV-2 or with a clinical diagnosis of COVID-

19 during the Omicron period will 

o have either a positive test result for SARS-CoV-2 or a clinical diagnosis of 

COVID-19 on or after 1st December 2021 (with the index date being 

whichever date comes first if both occur)  

o have no positive test result for SARS-CoV-2 or clinical diagnosis of COVID-

19 within 3 months prior to the index date. 

3. Persons hospitalised with COVID-19 during the Omicron period will have 

o a hospitalisation on or after 1st December 2021 (with the index date the date of 

hospital admission),  
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o a record of a clinical diagnosis of COVID-19 or a positive test result for 

SARS-CoV-2 in the period between 3 weeks prior to and up to three days 

following the index date 

o have no COVID-19 hospitalisation within 3 months prior to the index date. 

4. Persons requiring intensive services during a hospitalisation with COVID-19 

during the Omicron period will have 

o intensive services initiated during a hospitalisation as described in cohort 3 

(with the index date the date at which intensive services were initiated),  

5. Persons vaccinated against SARS-CoV2 infection  

o a vaccination record identified by brand (with the index date the date of 

vaccination record) 

o whether the vaccination record is 1st, 2nd, 3rd or 4th dose. 

 

Cohorts 2 to 5 will be stratified by prior COVID-19 infection status and for cohorts 2 to 4 

also by prior SARS-CoV-2 vaccination status. All cohorts will additionally be stratified by 

whether patients are immunocompromised on the index date. People in each of the five 

cohorts will be required to have at least a year of observed history in the database prior to 

their index date. This is to ensure a sufficient time period to identify health conditions and 

medication use prior to individuals´ index dates.  

9.2.4 Follow-up 

For cohort 1, follow-up will begin on January 1st 2017 and continue up until the first of: 

outcome of interest, loss to follow-up, death or December 31st 2019. For cohorts 2 to 5, 

follow-up will begin on their index date and continue up until the first of: outcome of interest, 

loss to follow-up, death, or either 30-, 60-, 90- or 180-days after the index date (depending 

upon the follow-up time period of interest). 

9.3 Variables 

9.3.1 Exposures 

9.3.1.1 Positive test result for SARS-CoV-2 

RT-PCR tests have high sensitivity and specificity for SARS-CoV-2. However, as a result of 

changes in the availability of population wide RT-PCR and home self-reported lateral flow 

tests during the Omicron period, it may not be possible to exclusively use RT-PCR tests 
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when identifying positive test results in all datasets.[22] All positive test results for SARS-

CoV-2 observable in the database will therefore be included, with documentation of what 

type of test it was to allow sensitivity analysis restricted to RT-PCR diagnosed patients as 

needed. The date associated with the test will be used.  

9.3.1.2 Clinical diagnosis of COVID-19 

Whilst testing for SARS-CoV-2 was commonly performed in many of the countries that will 

be represented in this study, clinical diagnoses of COVID-19 were also made for many 

individuals. Diagnostic codes compatible with COVID-19 will therefore also be identified, 

with the recorded date being used in the analyses.  

9.3.1.3 Hospitalisation with COVID-19 

Patients hospitalised with COVID-19 will be identified based on having a hospitalisation 

along with a confirmatory diagnosis or test result of COVID-19 (both as defined above) 

within a time window from 21 days prior to admission up to three days following their 

admission. This time window has been chosen to include those who had the diagnosis made 

prior to their hospitalisation and to allow for a delay in test results or diagnoses to be made or 

recorded, while excluding individuals with hospital-acquired COVID-19.  

9.3.1.4 Intensive care services during a hospitalisation with COVID-19 

Patients who received intensive care services during a hospitalisation with COVID-19 will be 

identified based on having a hospitalisation where they were admitted to the intensive care 

unit, received mechanical ventilation, tracheostomy, or extracorporeal membrane 

oxygenation (ECMO). If the date at which the intervention was initiated is observable in the 

database, this date will be used as the index date. If the date at which the intervention was 

initiated is not observed (for example, if such interventions are recorded at time of discharge) 

then the date of ICU admission, or hospital admission if ICU admission is not recorded, will 

be used as the index date. Patients will have had a confirmatory diagnosis or test result of 

COVID-19 (both as defined above) within a time window from 21 days prior to their index 

date up to three days following their index date. As above, this time window was chosen to 

include those who had the diagnosis made prior to their hospitalisation and allow for a delay 

in test results or diagnoses to be made or recorded.  
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9.3.1.5 Vaccination against SARS-CoV-2 

COVID-19 vaccine (ATC codes J07BN) exposure will be defined as the date of a vaccination 

record. Vaccination exposures will be defined by dose (1st, 2nd, 3rd, 4th etc.) and brand.  

9.3.2 Study outcomes 

9.3.2.1 Venous thromboembolic events  

In the primary analysis, venous thromboembolic events will be identified by diagnostic codes 

for pulmonary embolism or deep vein thrombosis. In a secondary analysis pulmonary 

embolism and deep vein thrombosis will be assessed separately. We will also assess portal 

vein thrombosis, splanchnic venous thrombosis (SVT) and cerebral venous sinus thrombosis 

separately.  

9.3.2.2 Arterial thromboembolic events  

In the primary analysis, arterial thromboembolic events will be identified by an acute 

myocardial infarction or acute ischemic stroke. In a secondary analysis acute myocardial 

infarction and acute ischemic stroke will be assessed separately. We also identify stroke in 

general, for which we will include both ischemic, haemorrhagic and non-specifically 

recorded stroke. 

9.3.2.3 Cardiovascular events 

Instances of heart failure, cardiac arrhythmia, and angina will be identified. In addition, major 

cardiovascular events (MACE) will be identified by heart failure, acute myocardial 

infarction, or stroke, or the occurrence of sudden cardiac death. As a sensitivity analysis, we 

will require that events were identified by hospitalisation admission or discharge records. 

9.3.3 Characteristics of study participants 

9.3.3.1 Location at index date 

For cohort 2 (Persons tested positive for SARS-CoV-2 or with a clinical diagnosis of 

COVID-19) and cohort 5 (Persons vaccinated against SARS-CoV2 infection) we will identify 

whether individuals were currently hospitalised on their index date. All people in the cohort 3 

(Persons hospitalised with COVID-19) and cohort 4 (Persons requiring intensive services 

during a hospitalisation with COVID-19) will be hospitalised on their index date. 
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9.3.3.2 Demographics  

Patients´ age at index date and sex will be identified. Age groups will also be identified using 

the following groupings: <20; 20-44; 45-54; 55-64; 65-74; 75-84; ≥85 years. For those 

databases where such information is available, individual or area level socioeconomic status 

and whether they are living in the community or were a nursing home resident will also be 

identified. 

9.3.3.3 Health conditions pre-index date 

Individuals´ history of the study outcomes will be identified over three time periods prior to 

the index date:  

1) 30 days prior to one day prior index date,  

2) 365 days prior to one day prior index date,  

3) all available days observed up to one day prior to index date.  

A range of health conditions, including whether a patient was immunocompromised prior to 

the index date, will be identified using the same time windows. Among these, the following 

conditions will be identified:  antiphospholipid syndrome, asthma, chronic obstructive 

pulmonary disease, atrial fibrillation, cancer (excluding non-melanoma skin cancers), venous 

thromboembolism, myocardial infarction, stroke, transient ischaemic attack (TIA), heart 

failure, diabetes, chronic kidney disease, chronic liver disease, hypertension, rheumatoid 

arthritis, thrombophilia, inflammatory bowel disease (Crohn’s disease or ulcerative colitis), 

dementia, alcohol or drug substance misuse and obesity. 

9.3.3.4 Medications pre-index date 

Pre-existing medication use will be identified using two time windows defined as 183 days to 

one day prior to index date, and 30 days to 1 day prior to index date. Medications of interest 

will be identified on the basis of Anatomical Therapeutic Chemical (ATC) codes, with use of 

the following medications identified: COVID-19 medications (ATC code: J05AB18 

molnupiravir, J05AE30 nirmatrelvir ritonavir, J06BD05 sotrovimab), non-steroidal anti-

inflammatory drugs (ATC group: M01A, with all descendant codes included), Cox2 

inhibitors (M01AH), systemic corticosteroids (H02AB and H02BX), antithrombotic and 

anticoagulant therapies (B01A), lipid modifying agents (C10), agents acting on the renin-

angiotensin system (C09), antineoplastic and immunomodulating agents (L), hormonal 

contraceptives for systemic use (G03A), tamoxifen (L02BA01), and sex hormones and 

modulators of the genital system (G03). 
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9.3.3.5 Immunocompromised at the index date 

People who are immunocompromised at the index data will be defined by the recording of 

certain conditions or certain conditions and treatments prior to index date. People will be 

considered immunocompromised if they have one or more of the following conditions 

recorded within 365 days prior to index date: 

• HIV/AIDS, 

• Hematological malignancies 

• Solid malignancies 

• Other intrinsic immune conditions 

People will be defined as being immunocompromised if they are treated with antineoplastic 

and immunomodulating agents (as defined in 9.3.3.4) between 183 days to one day prior to 

index date. People will also be defined as being immunocompromised if they are treated with 

systemic corticosteroids between 183 days to one day prior to index date and have a 

recording of the following within 365 days prior to index date: 

• Organ transplantations 

• Rheumatologic/inflammatory conditions 

9.3.3.6 Smoking status pre-index date 

Individuals´ smoking status (current smoker, ex-smoker, or non-smoker) will be identified 

when available. All available history for an individual will be used to identify records of their 

smoking status, with the most recent record included in the analysis.  

9.3.3.7 Medications on or post-index date 

We will also identify medication use on or after the index date first up to 30-days. For each 

medication of interest, we will group users into prevalent and new users. The following 

medications will be identified where available: anticoagulants, anti-platelet drugs, 

thrombolytic agent, or transfusion with blood products or immunoglobulins, and COVID-19 

medications (molnupiravir, nirmatrelvir ritonavir, sotrovimab). 

9.4 Data sources 

For this study, we will include routinely collected healthcare data from databases. These 

databases are summarised in Table 1 below. Some of these databases have been mapped to 

the OMOP CDM, whilst others are in the process, with data also in native format. 
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 Table 1: Data sources accessible for analysis 

     Data node Country Description 

Health Data Hub France The Health Data Hub has access to the SNDS (Système National des 

Donnés de Santé), which is the French nationwide healthcare database. It 

currently covers the overall French population (about 67 million persons) 

from birth (or immigration) to death (or emigration), even if a subject 

changes occupation or retires. Using a unique pseudonymised identifier, 

the SNDS merges all reimbursed outpatient claims from all French health 

care insurance schemes (SNIIRAM database), hospital-discharge 

summaries from French public and private hospitals (PMSI database), and 

the national death register. SNDS data are available since 2006. Only the 

data on the variables used for the analyses will be taken into consideration     

on the study population needed to achieve the objectives of the use case. 

The same variables will be included:  

• General characteristics: gender, year of birth, area of residence, etc. 

 • Death: month, year, and cause 

 • Long-Term Disease registration associated with an ICD-10 diagnostic 

codes 

 • Outpatient reimbursed healthcare expenditures with dates and codes 

(but not the medical indication nor result): visits, medical procedures, 

nursing acts, physiotherapy, lab tests, dispensed drugs, and medical 

devices, etc. F 

 • Inpatients details: primary, associated ICD-10 diagnostic codes 

resulting from hospital discharge summaries with the date and duration of 

the hospital stay, the performed medical procedures, and the related costs. 

Danish Health Data 

Authority 

Denmark Danish Vaccination Register, hospital-based diagnoses from the Danish 

National Patient Register, and the unique personal identifier issued by the 

Danish Civil Registration System allow to create a full population cohort 

with information on vaccination status of all individuals in Denmark. The 

unique identifier ensures completeness concerning linkage to registered 

medical incidents because it is used for registration of all contacts within 

the Danish healthcare system. Information on SARS-CoV-2 polymerase 

chain reaction (PCR) test results can be obtained from the Danish 

Microbiology Database including antigen test data performed by test 

centers.. The Danish patient register provides information on all inpatient 

stays and hospital outpatient clinic contacts (including emergency room 

visits) and provide information on rates of hospital contacts for a range of 

prespecified cardiovascular and haemostatic diagnoses, including arterial 

events, venous thromboembolism, thrombocytopenia/coagulation 

disorders, and bleeding events. 

Danish registers contain information on: 

 -vaccination status 

 -PCR-test and antigen test results 

 -hospitalisation, ICU admission, medical diagnoses, covariates 

- prescriptions filled in community pharmacies 

Croatian Institute of 

Public Health 

Croatia Data come from the National Public Health Information System (NAJS), 

eVaccination database and Integral Central Healthcare Information 

System of the Republic of Croatia (CEZIH) and is linked via unique 

personal identifier. CIPH has information on vaccination status, PCR-test 

results, hospitalisations, medical diagnoses (ICD10), medications (ACT) 

and covariates for a limited number of cases  

Finnish Institute of 

Health and Welfare 

Finland The national Care Register for Health Care (Hilmo) collects data on the 

activities of health centres, hospitals and other institutions providing 

inpatient care and on the clients treated in them as well as on home-

nursing clients for the purposes of statistics, research and planning.      
The unique personal identifier issued by the Population Information 

System allow to create a full population cohort The Care Register 

contains whole-population - data     including:  
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1. patients discharged from inpatient care;  

2. count of patients in inpatient care in health centres and hospitals on 31 

December;  

3. day surgeries; and  

4. specialised outpatient care.  

The Finnish Institute for Health and Welfare (THL) maintains a Finnish 

national vaccination register. Vaccination data are collected directly from 

patient record systems. The vaccination register covers vaccinations given 

in public primary health care. The data is also obtained on vaccinations 

administered in specialist medical care and private health care. Data on 

causes of death can be retrieved from Statistics Finland. 

Demographic data can be retrieved from Statistics Finland and the Digital 

and Population Data Services Agency. 

Data on purchases of prescribed medications and reimbursements for 

medical expenses can be retrieved from the Social Insurance Institution. 

The different registers can be linked using a personal identity code issued 

to all Finnish citizens, as well as permanent residents. 

Most of registers in questions have been established already several 

decades ago. Only the data on the variables used for the analyses will be 

extracted on the study population needed to achieve the objectives of the 

use case. The same variables will be included: 

 • General characteristics: gender, year of birth, area of residence, etc. 

 • Death: month, year, and cause 

 • Long-Term Disease registration associated with an ICD-10 diagnostic 

codes 

 • Outpatient reimbursed healthcare expenditures with dates and codes 

(but not the medical indication nor result): visits, medical procedures, 

nursing acts, physiotherapy, lab tests, dispensed drugs, and medical 

devices, etc. 

 • Inpatients details: primary, associated ICD-10 diagnostic codes 

resulting from hospital discharge summaries with the date and duration of 

the hospital stay, the performed medical procedures, and the related costs. 

Darwin EU   Databases TBC 

*The EMA in-house databases in the OMOP common data model may also be used to execute the DARWIN 

EU study package depending on the selection and distribution of data sources. 

9.5 Study size 

For each database, all individuals that satisfy the eligibility criteria for a study cohort will be 

included.  

9.6 Data management 

Native data analysis 

In non-DARWIN EU data nodes, data in native format will be examined for completeness 

and will be structured in a way relevant to each data partner to analyse the chosen objectives. 

Analyses of native data may generate codes using different software. 

OMOP CDM 

The DARWIN EU network databases used in this study will have data standardised to the 

OMOP CDM. The OMOP CDM enables the use of standardised analytics and tools across 

the network since the structure of the data and the terminology system is harmonised. The 
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OMOP CDM is developed and maintained by the Observational Health Data Sciences and 

Informatics (OHDSI) initiative and is described in detail on the wiki page of the CDM: 

https://ohdsi.github.io/CommonDataModel/ and in The Book of OHDSI: 

http://book.ohdsi.org  

The DARWIN EU analytic package for this study will be written in R. These packages may 

also be run in OMOP converted data within non-DARWIN EU data nodes, which will allow 

both within country and between country comparisons. 

Each data node will execute the study code against their database containing patient-level 

data to generate a set of results which will only contain aggregated data. The results from 

each of the contributing data sites will then be combined in tables and figures for the study 

report. Prior to study execution on native and OMOP converted data, quality assessment will 

be undertaken using tools as described in section 9.8.1. 

9.7 Data analysis 

9.7.1 Descriptive statistics 

The observed characteristics of each study population overall, and stratified by age, sex, prior 

COVID-19 diagnosis, prior SARS-CoV-2 vaccination, whether patients were hospitalised or 

whether patients were immunocompromised on their index date will be reported. The time at 

risk observed along with the number of events observed over follow-up will be summarised 

for each study population overall and by age and sex as well as stratified by whether 

individuals´ had a prior COVID-19 diagnosis, prior SARS-CoV-2 vaccination, where 

hospitalised on the index date or where immunocompromised on the index date. The 

proportion of missing data for a given characteristic, for example relating to smoking status, 

will also be reported. 

9.7.2 Incidence of study outcomes 

The incidence of each study outcome described in section 9.3.2 will be estimated during 30-, 

60-, and 90- and 180-days following the index date for each cohort of interest with 95% 

confidence intervals. The 90-day cumulative incidence of study outcomes will be estimated. 

Given the risk of mortality among patients with COVID-19, particularly among those 

hospitalised, the competing risk of mortality will be accounted for by estimating cumulative 

incidence functions. If death is not available, cumulative incidence will be estimated using 

the Kaplan-Meier approach. As well as estimating the incidence of outcomes for each study 

cohort as a whole, incidence will also be estimated by age group stratified by sex. Other 

https://ohdsi.github.io/CommonDataModel/
http://book.ohdsi.org/
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stratifications by prior COVID-19 diagnosis, prior SARS-CoV-2 vaccination, whether 

patients were hospitalised on the index date or where immunocompromised on the index date 

will also be performed. 

9.7.3 Assessing the association between risk factors for thromboembolic events and 

COVID-19 during the Omicron period  

To assess the association between potential risk factors on the incidence of venous and 

arterial thromboembolic events among patients with COVID-19 during the Omicron period, 

cause-specific Cox models will be used to calculate hazard ratios for the incidence of venous 

and arterial thromboembolic events for each of the COVID-19 cohorts. Adjusted models will 

evaluate potential predictors including age, sex, prior COVID-19 infection status, prior 

vaccination status, cancer, whether patients were immunocompromised on the index date, 

prior use of antithrombotics, prior use of corticosteroids, and pre-index comorbidities listed 

in section 9.3.3.3. 

9.7.4 Risks of COVID-19 “worsening” (hospital admission or death) stratified by 

thromboembolic event occurrence during the Omicron period  

A multistate-type modelling approach will be used to assess risks of COVID-19 worsening 

during the period when Omicron was the dominant variant, stratified by thromboembolic 

event occurrence. Multistate models allow for a consideration of individuals progression to 

multiple events of interest, extending on competing risk models by also describing transitions 

to intermediate events.[23] In the context of COVID-19, hospitalisations during a 

hospitalisation can be considered as key intermediate events between testing positive for 

SARS-COV-2 or having a clinical diagnosis of COVID-19 in an outpatient setting on the one 

end to a COVID-19-related death on the other. 

The exact structure of the model used will depend on the characteristics of the data sources 

available to each data partner (which will be examined in detail as part of the use case 

described in section 9.8.2). Venous thromboembolism and arterial thromboembolism will be 

assessed separately, as time-dependent exposures for the following transitions:  

(1) from outpatient COVID-19 diagnosis or PCR test positive to hospitalised with COVID-19 

(2) from outpatient COVID-19 diagnosis or PCR test positive to death (without a COVID-19 

hospitalisation in between)  

(3) from being hospitalised with COVID-19 to death 

Figure 1 shows an exemplar model for assessing COVID-19 worsening stratified by venous 

thromboembolic event, where individuals would begin by being identified as having a 
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positive test for SARS-CoV-2 or clinical diagnosis of COVID-19 in an outpatient setting and 

then would progress through the various hospitalisation-related states, and would capture 

deaths (either after such a hospitalisation or directly after the test, for those individuals who 

were not hospitalised before their deaths). Cause-specific Cox models within the multistate 

framework will be used to estimate hazard ratios associated with the risk factors of interest. 

This approach will allow for the factors of interest to have a different effect by the transition 

of interest and, where the model includes a state representing deaths, will account for the 

competing risk of mortality. Models will be adjusted for age and sex. 

9.7.5 Contextualising incidence rates for thromboembolic events in COVID-19 during 

the period when Omicron was the dominant variant 

We will calculate crude incidence rate ratios (IRRs) for each event described in section 9.3.2 

with 95% confidence intervals, for the vaccinated and COVID-19 cohorts compared against 

the background general population cohort. This will be done both overall and stratified by 

key factors including age, sex, prior COVID-19 diagnosis, prior vaccination status and 

whether patients are immunosuppressed. We will estimate the number of events expected 

among the vaccinated and COVID-19 cohorts using indirect standardisation by age and sex 

(with 10-year age bands), using the general population cohort as the standard population. We 

will calculate standardized incidence rate ratios (SIRs) and 95% confidence intervals 

comparing observed and expected rates. Rates will be reported overall, and by 10-year age 

bands, by sex, by prior COVID-19 diagnosis, by prior vaccination status and whether patients 

were immunosuppressed. A standardized incidence rate ratio above 1 will indicate that the 

observed rate for a specific outcome is higher than what is expected in the general 

background population.  

 

Each non-DARWIN EU data node may focus on all or a selected number of objectives in the 

protocol for conducting native data analysis, according to data availability. 
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Figure 1. Example multi-state model framework to assess COVID-19 worsening 

stratified by venous thromboembolic event 

 

9.8 Quality control 

9.8.1 General database quality control 

Databases in native format 

Each of the contributing data node will examine any data provided in their native format for 

completeness, quality and structure.  

Databases in OMOP CDM 

For DARWIN EU and other data nodes that will have data in the OMOP CDM, a number of 

open-source quality control mechanisms for the OMOP CDM have been developed (see 

Chapter 15 of The Book of OHDSI http://book.ohdsi.org/DataQuality.html). It is expected 

that data partners with data in the OMOP CDM will run the OHDSI Data Quality Dashboard 

tool (https://github.com/OHDSI/DataQualityDashboard). This tool provides a number of 

checks relating to the conformance, completeness and plausibility of the mapped data. 

Conformance focuses on checks that describe the compliance of the representation of data 

against internal or external formatting, relational, or computational definitions, completeness 

in the sense of data quality is solely focused on quantifying missingness, or the absence of 

data, while plausibility seeks to determine the believability or truthfulness of data values.[23] 

http://book.ohdsi.org/DataQuality.html
https://github.com/OHDSI/DataQualityDashboard
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Each of these categories has one or more subcategories and are evaluated in two contexts: 

validation and verification. Validation relates to how well data align with external 

benchmarks with expectations derived from known true standards, while verification relates 

to how well data conform to local knowledge, metadata descriptions, and system 

assumptions. Where possible, the analysis of the same data but in native format will further 

support validation by allowing the comparison of estimates from the same country and data 

origin.  

9.8.2 Study-specific quality control 

Each of the databases with data converted to OMOP will first run an OHDSI cohort 

diagnostics package (https://github.com/OHDSI/CohortDiagnostics) to identify the exposure 

cohorts described above. The results will include a summary of codes from the concept sets 

that are observed in the database and a summary of the concepts that led to entry into 

particular study cohorts. It also includes a check for ´orphan concepts´, concepts observed in 

the database that are not included in a concept set of a cohort but perhaps should have been. 

This will help to inform a consideration of the validity of the exposure cohorts in each of the 

databases. Subsequently, a cohort diagnostics package will be run to assess the identification 

of outcomes and patient features in an analogous manner. The analytic study package will 

then be run against each database. This package will be developed using best practices 

described in Chapter 17 of The Book of OHDSI 

(http://book.ohdsi.org/SoftwareValidity.html) and will be made publicly available via 

GitHub. 

9.9 Limitations of the research methods 

The study will be informed by routinely collected health care data that is available through 

existing governance and infrastructure and so data access and quality issues must be 

considered, and these will be documented to inform the HealthData@EU pilot. For example, 

cohorts of individuals with COVID-19 will be identified. However, outpatient tested positive 

cohorts will not capture all those individuals infected, given the variable availability of 

testing in outpatient settings. The inclusion of a study cohort identified by clinical diagnoses 

will address some of these limitations. 

The included databases will vary in the data elements that they capture. Depending on the 

dataset, not all study populations will be observed. For example, identifying the intensive 

services cohort will not be possible where inpatient hospital interventions are not observed. 

https://github.com/OHDSI/CohortDiagnostics
http://book.ohdsi.org/SoftwareValidity.html
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Similarly, not all outcomes may be available in all databases e.g. deaths. Some datasets may 

not capture COVID-19 diagnoses or tests occurring outside of hospital. Only the cohorts and 

outcomes that can reliably be identified will be assessed in the analyses. The data elements 

that each data partner can provide will be detailed.  The contextualisation of incidence rates 

using a historical background period assumes that coding practices and data recording are 

similar over time.  

9.10 Other aspects 

Each data node will be asked to provide data and experience on the process of study 

approval, data access, data content, data analysis and results consolidation. 
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10 Protection of human subjects 

For this study, participants from various EU member states and the UK will process personal 

data from individuals which is collected in national/regional electronic health record 

databases. Due to the sensitive nature of this personal medical data, it is important to be fully 

aware of ethical and regulatory aspects and to strive to take all reasonable measures to 

ensure compliance with ethical and regulatory issues on privacy.  

All the databases used in this study are already used for epidemiological research and have a 

well-developed mechanism to ensure that European and local regulations dealing with 

ethical use of the data and adequate privacy control are adhered to.  

In agreement with these regulations, rather than combining person level data and performing 

only a central analysis with data from multiple member states data in one location, local 

analyses will be run, which generate non-identifiable aggregate summary results.  

Where required, Institutional Review Boards of the respective databases and ethics 

committees will review the protocol of the study. 

Regulatory and ethical compliance  

This study was designed and shall be implemented and reported in accordance with the 

Guidelines for Good Pharmacoepidemiology Practices (GPP) of the International Society for 

Pharmacoepidemiology, the STROBE (Strengthening the Reporting of Observational 

Studies in Epidemiology) guidelines, and with the ethical principles laid down in the 

Declaration of Helsinki.  

This study is fulfilling the criteria of a ‘European Network of Centres for 

Pharmacoepidemiology and Pharmacovigilance (ENCePP) study’ and follows the ‘ENCePP 

Code of Conduct’. The study will be registered in the EUPAS register. 
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11 Management and reporting of adverse events/adverse reactions 

According to the new guideline on good pharmacovigilance practice (EMA/873138/2011 

Rev 2*) there is no requirement for expedited reporting of adverse drug reactions from 

studies with secondary use of data (such as electronic health care databases). 
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12 Plans for disseminating and communicating study results 

Dissemination activities to be undertaken will include mainly, although not exclusively, the 

creation of a final report, scientific publications, and presentations at conferences. 
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